ABSTRACT: We analyzed the nature and trends of climate variables and bioclimatic indices for 6 locations situated in the Loire Valley, northwest France, along with the berry composition of the 6 main grapevine varieties cultivated there, from 1960 to 2010. Results show significant increases in mean temperature (by 1.3 to 1.8°C) over the growing season (April to September) throughout the Loire Valley, with maximum temperatures increasing more strongly than minimum temperatures. Temperature variables, such as spring and summer temperatures, the number of days with maximum temperatures > 30°C and bioclimatic indices increased significantly. The Huglin Index indicated that the 6 locations in the Loire Valley have shifted from a cool climate to a temperate climate between 1960 and 2010, and increases in growing degree-days were highly correlated with earlier harvest dates. The berry composition of the 6 main white and red grapevine varieties changed significantly, with higher sugar concentrations and lower titratable acidity at harvest. We conclude that these changes in berry composition were significantly influenced by the increases in temperature over the study period.
INTRODUCTION
Grapevine development and berry composition are significantly related to their physical environment (Branas 1974 , Champagnol 1984 , Carbonneau et al. 1992 , Van Leeuwen et al. 2004 , Carey et al. 2008 ). This strong relationship is displayed in viticultural regions, where wine grapes are grown in unique 'terroirs'. Terroir is a complex concept, which is defined as the combination of the physical environment, climatic parameters, biological factors and cultural practices influencing the quality and typicity of wine (Vaudour 2003 , Morlat 2010 , OIV 2010 . However, studies have shown that weather conditions during the vintage have a greater influence than the other factors on grape vine development and berry composition (Coombe 1987 , Van Leeuwen et al. 2004 ). Today, with the release of the 4th report of the Intergovernmental Panel on Climate Change (IPCC 2007) , there is a better understanding and increased certainty about global climate change, raising many questions concerning viticulture and wine quality (Bindi et al. 1996 , Jones et al. 2005 , Webb et al. 2008 , Van Leeuwen et al. 2009 ). In parallel with significantly increased global surface temperatures (IPCC 2007) , the mean temperature in France increased by 0.9°C from 1901 to 2000 (Moisselin et al. 2002) . Along with the in creases in atmospheric concentrations of carbon dioxide that underlie climate change, a number of other factors are changing, including rates of evapotranspiration, rainfall variability, summer droughts and extreme high-temperature events (such as the summer heat wave that occurred in 2003 in Europe) (IPCC 2007 , Brisson & Levrault 2010 . The grapevine is responding to these climate changes through ad vances in the key phenological stages,
Climate data
The study was undertaken using the meteorological data from 7 weather stations situated in the Loire Valley (Fig. 1) . The temperature and rainfall data were obtained from Météo France for the period of 1960 to 2010 (Table 1) , allowing for analysis and characterization of long-term changes in climate. Although these 7 weather stations are not situated within the vineyards, they provide a good indication of the climate structure and trends in each region studied, namely Muscadet, Anjou, Saumurois, Bour - geuil, Chinon, Touraine and Sancerre (Fig. 1 ). For example, the mean growing season temperature (April to September) of Saumur from 1976 to 2010 was significantly correlated (R² = 0.97, p < 0.0001) with the mean growing season temperature of a weather station situated within the vineyards at Montreuil-Bellay, a commune of the AOP Saumur region. Bonnefoy et al. (2010) studied the homogeneity of the temperature data acquired from these weather stations. They found a significant change point in the maximum temperatures in 1987 for these weather stations using the Pettitt test (Pettitt 1979) . However, the minimum temperatures of Nantes and Angers indicated a significant change point in 1980, whereas the minimum temperatures of Tours, Romorantin and Bourges showed a change point in 1987. This significant thermal change point towards the end of the 1980's has also been identified in other viticultural regions in France (Briche et al. 2010 ). Furthermore, it should be noted that the weather station of Tours, which opened in 1959, was repositioned 2 km outside of Tours in 1964. In analyzing the temperature data from Tours, Bonnefoy et al. (2010) identified a decrease in temperature during the 1960s. This decrease in temperature was not ex perienced by other weather stations in the Loire Valley, and it was concluded that the repositioning of the Tours station caused a discontinuity in the temperature data.
The daily mean, minimum and maximum temperatures were used to calculate several temperature variables and bioclimatic indices. The temperature variables calculated from 1960 to 2010 are
(1) Mean (T m ), minimum (T n ) and maximum (T x ) growing season temperatures (April to September).
(2) Seasonal T m , T n and T x where spring is defined as the period from March to May, summer from June to August, autumn from September to November and winter from De cember to February (Moisselin et al. 2002) .
(3) Number of days with T x between 25 and 30°C (no. d T x 25-30°C) and no. d T x > 30°C. Daytime T x ranging from 25 to 30°C are critical for optimum grapevine photosynthesis (Carbonneau et al. 1992) . However, prolonged days with T x > 30°C will induce plant stress.
The bioclimatic indices assist in defining a viticultural region in relation to its climate: its ability to produce grapes, the varieties that are the best adapted, as well as the precocity and lateness of the phenological stages (Asselin et al. 2001 , Tonietto & Carbonneau 2004 ). The bioclimatic indices calculated from the temperature data from 1960 to 2010 were
(1) The growing degree-days index (GDD), which is calculated as the sum of the daily mean temperatures >10°C for the period April to October in the Northern Hemisphere (Table 2 ). The calculation uses a thermal base temperature of 10°C, which is the minimum temperature necessary for grapevine physiological activity (Winkler et al. 1974) . The interest in the GDD is that many studies have shown that the cumulated heat was significantly correlated with the phenological stages of the vine such as flowering, véraison and harvest (Tesic 2001 , Van Leeuwen et al. 2008 . However, the GDD index does not take into account an adjustment for the increasing day lengths at higher latitudes and as a result, it will underestimate the grape-producing potential of viticultural regions such as the Loire Valley (Tonietto & Carbonneau 2004) . The GDD index is divided into 7 climate classes: the 5 climate classes (Region I-V) originally determined by Winkler et al. (1974) , and the upper and lower climate categories identified by Jones et al. (2010) (Table 2) .
(2) The Huglin Index (HI) differs from the GDD index, as it is the sum of the T m and T x temperatures >10°C from April to September in the Northern Hemisphere (Table 2; Huglin 1978) . The HI gives greater weight to the maximum or daytime temperatures, which is when most vine development takes place (Jackson 2008) . The calculation takes into account a coefficient of the latitude (k), which is 1.05 for the Loire Valley, permitting the HI to be better correlated with vine growth and sugar concentration in the berries (Huglin 1978 , Tonietto & Carbonneau 2004 . The HI is divided into 8 climate classes (Table 2) .
(3) The cool night index (CI) is calculated as the average minimum temperature during the ripening month, which is September in the Northern Hemi- 1960 -2010 1960 -2010 Tours 108 47°27' N, 00°44' E 1960 -2010 1960 -2010 Romorantin 83 47°19' N, 01°41' E 1960 -2010 -Bourges 161 47°04' N, 02°22' E 1960 -2010 1960 -2010 (Tonietto 1999 ). The CI is divided into 4 climate classes: warm (>18°C), temperate (14−18°C), cool (12−14°C) and very cool (<12°C) (Tonietto 1999) . It permits the evaluation of the important effects of night or minimum temperatures on the synthesis of secondary metabolites in grapes, such as anthocyanins and grape aromas (Tonietto & Carbonneau 2004) . As harvest dates have advanced significantly, the climate conditions during August are also likely to influence the synthesis of various secondary meta bolites in grapes. For the purposes of our study, we calculated the CI as the mean daily minimum temperature from 15 August to the end of September, given that harvest dates have advanced by 2 wk (Ganichot 2002 , Barbeau 2007 . (4) Diurnal temperature range (DTR) is calculated as the mean thermal variation between the maximum day temperature and the minimum night temperature during the ripening period, from August to September. Studies have illustrated that the thermal amplitude during ripening has a significant influence on berry composition and wine quality (Coombe 1987 , Carbonneau et al. 1992 , Ribéreau-Gayon et al. 2006 , Ramos et al. 2008 .
The monthly rainfall data acquired from the 5 weather stations were used to calculate the total rainfall amounts over 3 selected periods from 1960 to 2010 (Table 1) . The 3 periods corresponded to the total rainfall from January to September, from April to September (growing season) and from June to August (summer). Daily rainfall data were only ob tained for 1 weather station, namely Beaulieu sur Layon. From these data, 2 additional rainfall indices were obtained, for the period from 1960 to 2010:
(1) The dry-spell-mean index, which is the number of days where rainfall is <1 mm (Moisselin & Dubuisson 2006) .
(2) The number of days with heavy rainfall, which is when rainfall is ≥ 10 mm (Moisselin & Dubuisson 2006) . These 2 indices were calculated for 2 selected periods, from April to September (growing season) and from June to August (summer).
Berry composition data
The 6 principal red and white varieties grown in the Loire Valley wine region were studied, namely Melon, Chenin blanc, Sauvignon blanc, Cabernet franc, Gamay and Grolleau noir. Berry composition data were available for the last 30 yr (1981 to 2010). However, for Cabernet franc grown in the regions of Chinon and Bourgueil, data were available from 1970. The composition data corresponded to measurements of sugar and titratable acidity contents in berries, on a weekly basis from véraison until harvest. These 2 berry components are key parameters influencing the quality and ripeness of grapes at harvest (Jackson 2008) . Furthermore, the levels of sugar and titratable acidity are greatly influenced by climatic conditions (Van Leeuwen et al. 2004 , Ribéreau-Gayon et al. 2006 , Carey et al. 2008 , allowing us to analyze the effect of climate change on viticulture in the Loire Valley.
We therefore assessed the concentrations of sugar and titratable acidity, which were measured during the last analysis made prior to harvest. For the period studied, the same reference vineyard plots were studied. Therefore 20 plots of Melon, 19 plots of Chenin blanc, 6 plots of Sauvignon blanc, 24 plots of Cabernet franc, 9 plots of Grolleau noir and 11 plots Table 2 . Characteristics of 2 bioclimatic indices, growing degree-days (GDD) and Huglin Index (HI), calculated for each weather station. Equations: daily maximum (T x ), minimum (T n ) and mean (T m ) temperatures; k = coefficient of latitude of Gamay allowed us to generate a representative set of data. From these reference vineyard plots, the berry composition data obtained on the date of the last analysis made prior to harvest were averaged, to obtain a single value for each variety, vintage and region. We recognize that the harvest date is not an accurate phenological stage and that the notion of determining maturity depends on important factors such as the style of wine wanted by the winemaker (Garcia de Cortazar-Atauri et al. 2010), which will influence berry composition. Lastly, the harvest dates studied corresponded to the date when the last berry composition analysis was made prior to harvest, and we assessed the trend in harvest dates for the 6 different varieties. The above-mentioned climate variables, bioclimatic indices and berry composition data were analyzed using basic descriptive statistics to obtain the mean and standard deviation values of each parameter studied. Each parameter was plotted against a time scale in yr and a trend was determined. To evaluate the statistical significance of each observed trend, the p-value was determined using simple linear re gression: using the Fisher's test with a 95% significance level. The non-parametric Friedman's test was also applied to identify whether there was a significant difference in the climate characteristics and trends between the weather stations. The p-value calculated by the Friedman's test allows one to reject the hypothesis that there is no significant difference between the weather stations. Finally, to study the in fluence that the changes in temperature had on berry composition, multiple linear regression was used to relate the berry composition (dependent) variables to the tem perature and bioclimatic (independent) variables. However, an assessment was first made of the degree of co-linearity of each independent variable. It was argued that severe co-linearity existed when a temperature or bioclimatic variable had a tolerance value < 0.1 and a variance inflation factor (VIF) value >10 (Quinn & Keough 2002) . The number of tem perature and bioclimatic variables was therefore reduced using stepwise removal until all remaining variables, namely the GDD, CI, DTR, spring T m and no. d T x 25-30°C, had a tolerance value > 0.2 and a VIF value < 4.
RESULTS AND DISCUSSION

Climatic characteristics and trends
Temperature variables
The daily T m of the Loire Valley during the growing season (April to September) was 16.1°C for the period 1960 to 2010 (Table 3) . Over this period, T m , T n and T x of the Loire Valley have significantly increased (Fig. 2) .
The daily mean temperature increased by 1.6°C, with T n of the Loire Valley increasing by 1.3°C and T x by 2.0°C. As a result, the increase in mean temperature during the growing season in the Loire Valley has been driven by a faster rate of change in T x . Similar results where the T x increased more significantly have been shown in the viticultural region of Priorat, Spain (Ramos et al. 2008) . The 6 weather stations illustrated the same tendency with daily temperatures increasing significantly during the grow- Temperature (°C) (Table 4 ). In all 6 locations, T m trends have also been influenced by the more significant changes in T x . Over this study period, Saumur had the warmest daily T m of 16.7°C (Table 4) . Given the change point in temperature, identified for the Loire Valley as during the 1980s (Bonnefoy et al. 2010) , it is observed, for example, that the daily mean temperature of Saumur during the growing season in creased from 16.2°C before the change point (1987) to 17.4°C after the change point. At Bourges, it has meant that the mean temperature evolved from 15.6°C before the change point to 16.7°C after the change point . Furthermore, an even more significant increase in temperature was observed at all 6 locations during the last 20 yr (results not shown). For example, 7 of the 10 warmest years recorded at Saumur during the growing season from 1960 to 2010 occurred during the past 15 yr. Consequently, for Saumur the last decade (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) was the warmest over the whole period of 1960 to 2010, with a T m of 17.6°C.
The rate of warming has also not been consistent between the 6 locations. The mean daily temperature increased by 1.4°C in Nantes, 1.8°C in Angers, 1.8°C in Saumur, 1.7°C in Tours, 1.3°C in Romorantin and 1.8°C in Bourges between 1960 and 2010 (Table 4) . Friedman's test showed that the changes in T n and T x are significantly different between stations. The changes in T n at Nantes and Saumur are significantly dif ferent from those of Tours, Romoran tin and Bourges (p < 0.0001), while T x at Saumur and Romorantin are significantly different from T x at Nantes, Angers and Tours (p < 0.0001). Bonnefoy et al. (2010) explained that these variations in temperature observed within the Loire Valley are due to factors such as the distance of the weather stations from the Atlantic Ocean or the Loire River, their latitudinal position and the influence of topo graphy on the local area. As studies have illustrated for other viticultural regions in France (Laget et al. 2008 , the rate of warming has also not been uniform over the period from 1960 to 2010
Because of variability of air temperature during the year and the growing season, seasonal mean temperatures were calculated. Spring and especially summer T m increased significantly at all 6 locations (Table 5 ), in comparison with winter and autumn temperatures that did not significantly increase at all sites (results not shown). The rate of warming during spring increased the greatest at Saumur, by 1.8°C, whereas the greatest increase during the summer of 2.4°C occurred at Bourges (Table 5) .
The rate of warming during the spring and summer was also influenced by greater increases in maximum temperatures (results not shown). Results showed therefore that the most significant warming has taken place during the growing season and especially during the period between flowering and véraison (summer period). Jones & Davis (2000) showed that for 2 red grape varieties, the temperature in Bordeaux during the period between flowering and véraison has a significant influence on berry composition. It is therefore likely that these major increases in temperature during the summer in the Loire Valley will also have important influences on berry composition and hence on wine quality in the region.
Given the significant increases in T x during the growing season, the T x 25-30°C and no. d T x > 30°C during the growing season have also significantly increased at all 6 locations between 1960 and 2010 (Table 6) .
During the summer, daytime T x ranging from 25 to 30°C is critical for optimum grapevine photosynthesis (Carbonneau et al. 1992 ). Consequently, a higher number of days with optimum temperatures during the growing season will favor grapevine development and the sugar concentration in grapes, as sugar accumulation is related to the photosynthetic activity of the vine during maturation (Jackson 2008) . However, prolonged days with maximum temperatures > 30°C will induce plant stress and result in a decrease in the photosynthetic activity, while at 40°C photosynthesis is completely inhibited (Ribéreau-Gayon et al. 2006 , Jackson 2008 ).
Bioclimatic indices
Growing degree-days index (GDD).
The GDD has significantly increased at all 6 locations in the Loire Valley, with Saumur displaying the greatest increase of 360 GDD, from 1960 to 2010 (Table 7) . These increases in GDD imply that all 6 locations have evolved from Region I to II, except for Ro mo rantin, which remained in Region I (Table 2) .
Studies have illustrated that the GDD values were well correlated with the pheno logical stages of the vine (Tesic 2001 , Van Leeuwen et al. 2008 . Higher values in GDD will therefore likely lead to earlier flowering, véraison and harvest dates. Our results illustrated that the trend in GDD for Saumur and Tours was significantly correlated with earlier harvest dates for Cabernet franc, cultivated in the regions of Chinon and Bourgueil and for Chenin blanc, cultivated in the region of Touraine, from 1970 to 2010 (Table 8 ).
In the Chinon and Bourgueil regions, the harvest date for Cabernet franc advanced significantly by 15 and 16 d respectively, whereas the harvest date for Chenin blanc advanced by 16 d at Touraine (Table 9 ). As shown in other studies in France, we observed similarly that harvest dates have advanced in general by 2 wk over this study period (Ganichot 2002 , Duchêne & Schneider 2005 , Barbeau 2007 ). Given earlier harvest dates, the ripening period now occurs in a warmer period of the year. Warmer conditions during the ripening period will have a significant influence on the composition of the grapes, normally resulting in higher levels of sugar and lower titratable acidity concentrations (Coombe 1987) . The Loire Valley is a high northern latitude region, where the vine growing cycle is generally short, from April to September. Barbeau et al. (1998) illustrated the importance of an early grapevine vegetative cycle and of harvest date, which ensures good maturation of grapes in the Loire Valley. The increases in GDD within the Loire Valley will lead to earlier phenological stages that will allow varieties to reach an optimum maturity, especially late ripening varieties such as Cabernet franc and Cabernet Sauvignon. Warmer temperatures will therefore favour grapevine growing in the Loire Valley and will influence the berry composition. Earlier phenological stages will allow these late ripening varieties to accumulate greater amounts of sugar, and to have optimum titratable acidity concentrations and more ripened berry flavors (Barbeau 2007) . However, early ripening varieties, such as Gamay or Melon, will ripen in warmer than ideal environmental conditions. This will likely lead to phenological stages appearing too early, causing sugars to accumulate too soon, leading to a rapid decrease in titratable acidity given the effect of high temperatures on the rate of respiration and influencing the synthesis of berry flavors (Coombe 1987 , Ribéreau-Gayon et al. 2006 .
The Huglin Index (HI).
The HI has significant ly increased from 1960 to 2010 at all 6 locations (Table 10) . These significant increases in the HI mean that all 6 locations have shifted from a cool climate, which used to characterize the Loire Valley, to a temperate climate (Table 2) , which characterizes the traditional Bordeaux wine-growing region (Tonietto & Carbonneau 2004) . Fig. 3 shows the significantly increasing trend of the HI at Saumur. Over the past decade, the HI of certain years at Saumur, such as in 2003, were even situated in a warm tem perate climate, which is equivalent to the climate of Montpellier, South of France, 30 yr ago (Vaudour 2003 , Tonietto & Carbonneau 2004 . Warmer climate categories such as a temperate climate will enable varieties such as Cabernet Sauvignon and Merlot to reach optimum maturity, whereas a warm temperate climate category will enable varieties that are not currently grown in the Loire Valley, such as Syrah and Grenache, to reach maturity (Tonietto & Carbonneau 2004 ).
The 2003 vintage was characterized by a warm temperate climate at Saumur enabling, during this season, 2 late ripening red varieties to reach maturity. They were Syrah, which is typically grown in the south of France, and Tempranillo, which is traditionally cultivated in Spain. INRA Angers grow these 2 varieties in experimental plots that are situated at Montreuil Bellay. The Syrah grapes were harvested (11.4° potential alcohol) and a titratable acidity of 3.5 g l -1 (G. Barbeau pers. com.). Therefore, as temperatures are predicted to increase during the 21st century in France (Brisson & Levrault 2010) , late ripening grape varieties will likely be able to reach maturity, as already observed in 2003.
Cool night index (CI). The CI has significantly increased at Angers and Bourges from 1960 to 2010 (Table 11) . It increased by 0.9°C at Angers and by 1.1°C at Bourges, which means that for both sites the CI evolved from very cool nights (<12°C) to cool nights (12 to 14°C). In general, warm night temperatures during ripening have the tendency to lead to a loss in aromas, and in red varieties, to a loss in grape color (Carey et al. 2008 , Jackson 2008 . However, for the Loire Valley, we observed that night conditions were still relatively cool and that minimum temperatures during ripening have not increased as much as maximum temperatures.
Diurnal temperature range (DTR).
The di urnal temperature range during the ripening period (August to September) displayed significant increases over the study period. It increased by 1.0°C at Nantes, 1.5°C at Saumur and by 1.7°C at Romorantin from 1960 to 2010 (Table 12 ). These significant increases in DTR are due to maximum temperatures increasing more significantly than minimum temperatures during the ripening period (results not shown). Studies have illustrated that the thermal amplitude during ripening has significant effects on the accumulation of berry components (Coombe 1987 , Carbonneau et al. 1992 , Ribéreau-Gayon et al. 2006 . These studies showed that the synthesis of anthocyanins is favored by a strong difference between the diurnal and nocturnal temperatures. Ramos et al. (2008) illustrated that greater DTR values were correlated with higher quality red wine. The greater DTR values shown for Saumur, where Cabernet franc is mainly grown, will be favorable for the production of quality red wine.
Rainfall variables
During the growing season, it is observed that Beaulieu sur Layon had the lowest mean rainfall with 262.1 mm from 1960 to 2010, whereas Bourges had the highest with 375.2 mm (Table 13) . In all 5 locations, no significant evolution in rainfall was observed for the 3 seasonal periods studied, namely However, we noted a high variability from year to year, which could be the reason for no significant evolution. The 2 rainfall indices calculated from the daily rainfall data at Beaulieu sur Layon showed no significant trend from 1960 to 2010 (results not shown). Therefore, the number of days where the rainfall was <1 mm and where it was ≥10 mm have not changed over the 2 periods studied (the growing season and summer periods). According to our results, we observed that the rainfall has not changed significantly in all 5 locations from 1960 to 2010.
Evolution of berry composition
The 6 main white and red varieties cultivated in the Loire Valley have shown a significant change in their berry composition (Table 14) . Each variety displayed an increase in sugar concentration and a decrease in titratable acidity, except the titratable acidity concentration of Melon, grown in the Muscadet region, and Sauvignon blanc, grown in the Anjou region, which did not change significantly.
For , respectively. Accordingly, greater sugar levels mean that the potential alcohol level of grapes at harvest has increased. For example, the potential alcohol level increased by 2.3° for Chenin blanc grown in Anjou, from 10.7 to 13° between 1981 and 2010; Simultaneously, its titratable acidity decreased from 7.5 to 5.5 g l −1
. Consequently, these changes in berry composition will likely influence the quality of the wine produced, in that further increases in the potential alcohol level and lower concentrations of titratable acidity could produce unbalanced wines.
Influence of changes in temperature and bioclimatic indices on berry composition
Considering that the berry composition of the main grape varieties has changed significantly, it is necessary to understand the influence that the changes in temperature variables and bioclimatic indices may have had on the concentrations of sugar and titratable acidity. The results of multiple linear regression between temperature and bioclimatic variables and the 2 berry components (dependent variables) are illustrated in Table 15 . Results illustrate that the variations in sugar concentrations and titratable acidity are significantly related to the climate variables. For example, in Chinon, 75% of the variability in Cabernet franc sugar levels and 67% of the acidity levels were explained by the climate variables, from 1970 to 2010. Increases in temperature have therefore significantly influenced the changes in berry composition, consequently leading to higher concentrations of sugars and lower concentrations of titratable acidity. However, not all the variability in sugar and titratable acidity was explained by the climate variables (Table 15) . Grapes are grown in unique 'terroirs', which means that the berry composition is influenced also by factors such as the soil characteristics and cultural practices (Morlat 2010) . Barbeau (2007) explained that viticultural practices have evolved during the last 30 yr in the Loire Valley, leading to important influences on berry composition. Moreover, warmer climate conditions allow the vine-growers to delay the harvest date, allowing the grapes to reach a greater maturity. Consequently, it is likely that the style of wine sought by vine-growers has changed (Garcia de Cortazar-Atauri et al. 2010) . Complementary studies should therefore be undertaken on the evolution in viticultural practices and their influence on vine development and berry composition.
CONCLUSION
The temperatures during the growing season (April to September) have significantly increased between 1960 and 2010 at all 6 locations situated in the Loire Valley. The mean growing season temperatures have increased by 1.3 to 1.8°C, with Saumur illustrating the greatest increase in temperatures. However, the increase in temperature has been driven by more significant changes in maximum temperatures than minimum temperatures. Moreover, the rate of warming has been neither uniform over the period from 1960 to 2010, nor consistent between the 6 weather stations situated in the Loire Valley. The increase in spring and summer temperatures 
